ABSTRACT
INTRODUCTION
C. trachomatis is an obligate intracellular human pathogen which is responsible for the most reported bacterial sexually transmitted disease worldwide. The prevalence of these infections can be different depending on the country and population type. The prevalence of C. trachomatis infection among sexually active women in developing countries is higher than developed countries 1 . Although, infection with this organism can be asymptomatic in up to 80% of women, it may give rise to urethral syndrome, salpingitis, pelvic inflammatory disease (PID), tubal factor infertility and chronic pelvic pain 2 .
Infection of the female reproductive tract with C. trachomatis is one of the leading global causes oftubal factor infertility, and leading causes of female factor infertility . In order to reduce the rate of PID and prevent development of reproductive sequelae, early diagnosis and treatment of chlamydial infection can be of great importance 3 . Early diagnosis is mandatory to avoid serious complications especially with the development of effective treatment. Confirmation of Chlamydia infection usually depends on taking an appropriate specimen and a suitable laboratory-based diagnostic test
.
Since the prevalence of chlamydial diseases is on rise, development of sensitive, specific, and rapid methods to diagnose this infections is highly favored. Cell culture, cytological tests for the detection of cytoplasmic inclusion bodies, direct immunofluorescence (DFA), enzyme-linked immunosorbent assay (ELISA), DNA hybridization techniques and polymerase chain reaction (PCR) are several laboratory methods which are used for the diagnosis of C. trachomatis 3 . The PCR has proved to be the gold standard to detect C.trachomatis. Nucleic acid amplification techniques such as PCR involve exponential amplification of well defined DNA targets, resulting in enhanced sensitivity of detection compared with the sensitivities of other laboratory tests 5 . The aim of the present study is to evaluate the sensitivity and specificity of tissue culture and cytological examination in comparison with nested PCR for diagnosis of genital C. trachomatis infection.
METHODOLOGY

Patients:
This study carried out on 50 women, among those attending the Gynecology Outpatient Clinic of Benha University Hospitalduring the period from May 2014 to March 2015. The participants suffered from symptoms suggestive of genital C.trachomtis infection ( vaginal discharge, post-coital bleeding , inflamed or friable cervix, cervical erosion, urethritis, pelvic inflammatory disease, lower abdominal pain and reactive arthritis in sexually active women).The study protocol was approved by the Local Ethics Committee of the departments of obstetrics &gynecology, Benha faculty of medicine, Benha University. A consent was obtained from every patient.
Samples:
After cleaning the cervical canal with a dry cotton swab,two endocervical swabs were taken from each patient and used for collecting cervical discharges from the endocervix and were preserved in screw capped tubes containing Chlamydia transport media (VACERA) contained:
Roswell Park Memorial Institute(RPMI) 1640 media (Sigma-Aldrich) with 2% fetal calf serum. One swab used for cytological examination and the other swab was shaken on a vortex mixer then it was removed after pressing against the tube wall. Then, the tube was divided into two aliquots that preserved at -80°C, one used for tissue culture and immunofluresence and the other was tested by nested PCR 6 . 1. Detection of inclusion bodies in smears stained by Giemsa (sigma): Thin films of the collected specimens were spread on clean microscopic slides. The slides were air dried and fixed with methanol (methyl alcohol) for 2-3 minutes. Then the smears were allowed to air-dry. The slides were placed; smear downwards, in a Petri dish, supported on each slide by a thin piece of stick. The diluted stain was poured into the dish and cover with a lid. The smears were left to stain for 1-2 hours. . One of the two endocervical swabs was brought to room temperature then centrifuged with sterile glass beads to disrupt the epithelial cells and release of Chlamydiae elementary bodies. 200 µl of the specimen were inoculated into tissue culture plate wells after the medium was decanted. For each set of specimens, 2 non inoculated tissue culture wells were used as a negative control and 1 for positive control . The plates were incubated at 35°C in 5% CO2 for 2 h to allow the adsorption of Chlamydia. To the inoculated tissue culture plates 0.5 ml maintenance medium supplemented with FCS (5%, L-glutamin 2.2 g/L, vancomycin 100 mg/L, gentamicin 50 mg/L, and amphotricin B 50 mg/L) was added to each well. After that the plates were incubated at 35°C in 5% CO2 for 72 h. The cells were harvested by scraping and fixed by acetone to be ready for staining by fluorescin-conjugated monoclonal antibody specific for C. trachomatis and examined by fluorescent microscope 8 .
Identification of the growing C.trachomatis in tissue culture by direct immunoflurescentassay:
It was done as described by the manufacture (Omega Diagnostics). 25µl Chlamydia Direct fluorescent antibody (DFA) Reagent was dispensed onto the fixed specimen smear and the positive control slide, covering the entire well area. The slides at 37ºC was incubated in a closed petridish with moisted piece of cotton for 30 minutes in the dark. The slides were not allowed to dry as this will cause non-specific binding. The slides were gently rinsed in a bath of Phosphate Buffered Saline (PBS) for approximately 1 minute. The slides were drained and excess moisture around the wells was removed with absorbent tissue. One drop of Mounting Fluid was added to the well, covers slip was placed on top of the drop and air bubbles removed. The entire specimen was scanned using a fluorescence microscope under oil immersion at x600 to x1000 magnification. Interpretation: Cells in the positive specimens will fluorescence apple green while uninfected cells will stain dull red due to the presence of Evan blue.
Nested PCR:
It was done as described by the manufacture (Thermo Scientific). DNA extraction: Samples are digested with Proteinase K in the supplied Lysis Solution. The lysate is then mixed with ethanol and loaded onto the purification column, where the DNA binds to the silica membrane. Impurities are effectively removed by washing the column with the prepared Wash Buffers. Genomic DNA is then eluted under low ionic strength conditions with the Elution Buffer. Procedure: Specimens were thawed; 20 µL Proteinase K and 200 µL binding buffer were added to 200 µL of samples, after mixing, they were incubated at 60°C for 20 minutes. 100 µL isopropanol was added to mixtures. Lysates were centrifuged at 8000 rpm for 1 minute; washing buffer 1 and then 2 were added to tubes, respectively. After centrifuge, 200 µL elution buffer was added and centrifuged at 8000 rpm for 1 minute, finally, Eluted genomic DNA stored at -20°C for for further analysis. DNA amplification: Momp gene was amplified by nested PCR( two sets of amplification reaction). The first specific primer set was:
(Chlamydia 1 F-6) = 5 ('GGACAAATCGTATCTCGG-3'), and (Chlamydia 1 R-6)=(5'GAAACCAACTCTACGCTG-3)'. The second primer set was (Chlamydia 2 F-6) =(5' ATTGCTTGAGCGTATAAAGG-3'), and (Chlamydia 2 R-6)=(5'TGCTATAATCACGAAATTAC-3').
The amplification was carried out in thermal cycler (Biometra, Germany). The following components were added to each 50µl reaction tube at room temperature: 25µl Maxima Hot Start PCR Master Mix (2X) ,2.5 µl forward primer, 2.5 ml reverse primer , 5 ml template DNA, and 15 ml nuclease free water. First set of reaction using the first primer set, was performed as follow: Denaturation was performed at 95°C for 4 minutes. Followed by 35 cycles (95°C for 30 seconds, 49°C for 30 seconds and 72°C for 31 seconds) and 72°C for 5 minutes. The products of the 1 st set used as template DNA for the second set .Second set of reaction using the second primer set, was performed as the first set except that the annealing temperature was 51°C and the extension time was 15 sec . PCR products were separated by 2% agarose gel electrophoresis and were visualized by ethedium bromide staining. The amplified product of first set was 517 bp and the amplified product of second set was 250 bp 9 .
RESULTS
Result of nested PCR revealed that out of 50 patient , 34 (68%) were positive and 24 (32%) were negative Detection of nested PCR results by gel electrophoresis is shown in figure 1 . The results of the tissue culture followed by immunoflurescence for antigen detection and cytological examination as regarding specificity and sensitivity were evaluated in relation to nested PCR results. The result of tissue culture for C.trachomatis detection by direct immunoflurecence revealed that out of 50 patient , 24 (48%) were positive for C.trachomatis and 26 (52%) were negative .Antigen detection of growing Chlamydia in tissue culture by direct immunoflurescenceis shown in figure 2. The result of cytological examination revealed that out of 50 patient, 17 (34%) gave were positive and 33 (66%) were negative. Results of study revealed that, The sensitivity, specificity, Positive predictive value (PPV), and negative predictive value (NPP) of tissue culture for detection of C.trachomatis were 70.6%, 100%, 100% and 61.5% respectively as shown in table 1. Roc curve of tissue culture revealed that it is considered to be a good test compared to nested PCR in diagnosis of genital C.trachomatis as shown in figure 3 . The sensitivity, specificity Positive predictive value (PPV), and negative predictive value (NPP) of cytological examination was 50%, 100%, 100% and 48.5% respectively as shown in table 2. Roc curve of cytological examination revealed that it is considered to be a fair test compared to nested PCR in diagnosis of genital C.trachomatis as shown in figure 4 .
The analysis of personal history and presenting symptoms of the studied patients in comparison with positive and negative C. trachomatis cases as detected by nested PCR reveals that , The differences between positive and negative results were significant as regarding abnormal vaginal discharge and cervical erosion and were insignificant regarding age group, menstrual history, history of abortion fertility condition, contraceptive method, post-coital bleeding and associated arthritis as shown in table 3 . NPV=61.5% P value <0.001 (highly significant) NPV=48.5% P value <0.001 (highly significant). 
DISCUSSION
C.Trachomatis is the most prevalent sexually transmitted pathogen worldwide. It is common among sexually active young women 10 . The aim of the present study is to evaluate the sensitivity and specificity of tissue culture and cytological examination in comparisonwith PCR for diagnosis of genital C. trachomatis infection.
As regard the results of tissue culture in comparison with nested PCR results in diagnosis of genital C.trachomtis, out of (34) positive cases of PCR: It reveals that out of 34 (100%) patients positive for PCR , 24 (70.6%) patients was positive for tissue culture . And out of 16 patient negative for nested PCR , (0 % ) patients was positive for tissue culture . The sensitivity, specificity , positive predictive value (PPV) and negative predictive value (NPV) of the tissue culture in relation to PCR were 70.6% , 100% , 100% , 61.5% respectively .ROC curve analysis revealed that tissue culture is a good test in relation to PCR.In Iran, Hajikhani et al.
3 performed a study on women with tubal factor infertility, attending Avicenna Infertility clinic . They reported that, the sensitivity of tissue culture was 75%. and specificity was 100%. PPV was =100%, but NPV was =91.8% , and their results are in line of our results. Another study conducted by Agha et al. 6 on females attending Outpatient Gynecology Clinic, Mansoura University Hospital, Egypt, reported that the sensitivity and specificity of tissue culture were 72.2% and 94.2% respectively which are in agreement of our results. Our results are also in line with Cheng et al.
11
who conducted a comparative study between PCR and culturing Chlamydia on patients attending the Jefferson County Department of Health STD clinic in Birmingham have reported that the sensitivity and specificity of tissue culture were 80 % and >95 % respectively . In Washington, a report study performed by Johnson et al. 12 in the National Center for HIV, STD, and TB Prevention,. They reported a high specificity of Chlamydia tissue culture, and 74.4% sensitivity which agreed with our results. In contrast of our results, a study performed by Bachmann et al. 13 on individuals attending a sexually transmitted disease clinic and three HIV clinics who gave a history of anal intercourse or were women at high risk for Neisseria gonorrhoeae or Chlamydia trachomatis infections . Rectal swab specimens were tested using culture and commercial nucleic acid amplification tests (NAATs), employing transcription-mediated amplification (TMA), strand displacement amplification (SDA), and PCR amplification. Test performance was evaluated using a rotating standard by which patients were classified as infected if either two or three comparator tests were positive. They reported that the sensitivity of tissue culture was ranged from (36.1% to 45.7%). These results is not in line with the results of our study, but is consistent with the low chlamydial rectal culture sensitivities noted by Schachteret al.
14 (26.5% to 39.1%) . This disagreement may be attributed to use of rectal sample in such studies . As regard the results of cytological examination by giemsa stain in comparison with nested PCR results in diagnosis of genital C.trachomtis, out of (34) positive cases of PCR: 17(50 %) patients were positive for cytological examination. And out of (16) patient negative for nested PCR, (0 %) patients was positive for cytological examination. This difference between positive and negative results was considered to be significant. The sensitivity specificity positive predictive value (PPV)and negative predictive value (NPV) of the cytological examination in relation to nested PCR were 50 %, 100%, 100% and 48.5% respectively. ROC curve analysis revealed that cytological examination is a fair test in relation to PCR.Our results are in agreement with Holland and Roberts 15 who perform a comparative study between PCR positive cases for C. trachomatis and negative cases as regard abnormal pap smear. They reported a significant difference between positive and negative cases as regard cytological examination. In India, Palayekar et al. 16 performed a study on females attending family welfare clinics of Institute for Research in Reproduction. They reported that, cytological examination of endocervical swab for detection of C. trachomatis has less sensitivity and good specificity, in relation to PCR , and their results were in agreement of our results. On the other hand, Baka et al. 17 who performed a study on asymptomatic non pregnant women of reproductive age presenting to the Obstetrics and Gynaecology Outpatient Clinic of Aretaieio University Hospital, suggested a non significant relation between positive cytological smear and proved cases of a genital C. trachomatis infection, and this may be attributed to the method of sampling and transport, as C. trachomatis need special transport media.
As regard personal history of studied patients in relation to positive cases of C.trachomatis as proved by nested PCR, The differences between positive and negative results were insignificant regarding age group, menstrual history, history of abortion, fertility condition and contraceptive method used. Our results are in line with Carlin and Boag 18 , Rashidi et al.
19
, Eslami et al.
9
. In the contrary, our results disagree with Torrone et al. 20 , Forcey et al. 21 , Marashi et al.
22
, Taylor and Haggerty 23 . These difference could be related to how sampling and methodology were conducted. As regarding presenting symptoms of the studied patients in comparison with positive and negative C. trachomatis cases as proved by nested PCR. The differences between positive and negative results were significant regarding abnormal vaginal discharge and cervical erosion and were insignificant regarding post-coital bleeding and associated arthritis. Our results are in accordance with Hajikhani et al. 3 , Tosun et al.
24
, Yazdi et al. 25 
CONCLUSION
From this study we can conclude thattissue culture is a good test in relation to nested PCR, however , cytological examinationis a fair test in relation to nested PCR in diagnosis of genital C. trachomatis infection. We recommend the use of nested PCR for detection of genital C.trachomatis . Inspite of high cost , it is more specific and sensitive than other traditional methods.
